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(54) Method for refining (meth)acryllc add 

(57) This invention reltaes to a method for prevent- 
ing (meth)acrylic acid from polymizing during the course 
of distillation. A method for refining (meth)acrylic acid by 
a procedure conprlsing the steps of feeding a mixed 
gas obtained by catalytic gas phase oxidation of propyl- 
ene and/or acrolein with a molecular oxygen-containing 
gas or a mixed gas obtained by catalytic gas phase oxi- 
dation of at least one compound selected from the 
group consisting of isobutylene. t-butyl alcohol, and 
methacrolein with a molecular oxygen-containing gas, 



to a (meth)acrylic acid collection column, collecting a 
(meth)acrylic acid-containing solution from the mixed 
gas, which method is characterized by feeding the 
(meth)acryiic acid-containing solution to the distillation 
column while maintaining the total concentration of 
aldehydes of 2 - 4 car1x>n atoms and acetone in the 
solution at a level of not more than 2000 ppm t)ased on 
the amount of (meth)acrylic acid. 
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Description 

BACKGROUND OF THE INVENTION 
5 Reld of the Invention: 

[0001] This invention relates to a method for effectively preventing (meth)acrylic add from polymerizing cUjring the 
course of distillation. 

10 Description of the Related Art: 

[0002] It is generally known that acrylic acid has a nature to easily and spontaneously polymerize on exposure to 
light and heat. During the production of acrylic add. therefore, various polymerization inhibitors such as hydroquinone, 
methoquinone. phenothiazine. copper ditxityl dithiocarbamate, p-phenylene diamines, and N-oxyl compounds are 
75 added either singly or in the form of a combination of two or more menlbers to the reaction system of production with 
the object of preventing acrylic acid from polymerizing. 

[0003] US 4021310 discloses a method for preventing acrylic add from polymerizing by using a polymerization 
inhibitor composed of at least one compound selected from the group consisting of fiydroquinone, methoquinone, 
cresol. phenol, t-butyl catechol, diphenyl amine, phenothiazine. and methylene blue, at least one compound selected 
20 from the group consisting of copper dimethyl dithiocarbamate, copper dietfiyl dithioccubamate, copper dibutyl dithiocar- 
t>amate, and copper salicylate, and molecular oxygen. 

[0004] JP- A-51 -98.21 1 discloses a method for pres/enting acrylic acid from polymerizing by using a polymerization 
inhibitor composed of a manganese salt such as manganese acetate, hydroquinone and/br methoquinone. and molec- 
ular oxygen. 

25 [0005] QB 1 1 271 27 disdoses a method for preventing acrylic acid from polymerizing by using a N-oxyl compound 
such as tertiary butyl nitroxide or 4-hydroxy-2,2.6.6-tetramethyl piper idinoxyl. 

[0006] Then, EP 695736 disdoses a method for refining acrylic acid by distilling in an azeotropic dehydration distil- 
lation colunrm an aqueous acrylic acid solution obtained by absorbing in water the reaction gas resulting from oxidizing 
propylene and/or acrolein with a molecular oxygen-containing gas or the liquki resulting from deriving the solution of 
30 aldehydes, which method effects the refinement by causing the bottoms of the distillation column to contain an azeo- 
tropic solvent at a prescribed concentration and consequentiy preventing the liquid in the distillation column from polym- 
erizing. 

[0007] A study made by the present inventors on the methods for preventing acrylic add from polymerization by 
using polymerization inhibitors as described above has revealed that these methods fail to manifest a fully satisfactory 

3S effect In preventing polymerization under the conditions shown below. 

[0008] In the production of acrylic acid by catalytic gas phase oxidation of propylene and/or acrolein with a molec- 
ular oxygen-containing gas. the acrylic add-containing solution which occurs therein Is distilled In a distillation column. 
Since this acrylic acid-containing solution is so composed as to contain impurities such as water, acetic add, and acro- 
lein, it is highly liable to induce polymerization of acrylic acid. When such a polymerization inhibitor as mentioned above 

40 is used at an ordinary application rate, it fails to produce a fully satisfactory effect in preventing polymerization. The 
solution during the course of distillation, therefore, is suffered to give rise to a polymer and the polymer renders pro- 
tracted continuous operation of the distillation column difficult In order for the continuous operation to last, it becomes 
necessary to use the polymerization inhibitor in a large amount. Thus, the polymerization inhibitor has hot been fit for 
use in an actual apparatus. 

45 [0009] The effect of preventing polymerization which is recited in EP 695736 is attained by causing bottoms in the 
azeotropic dehydration distillation column to allow presence of an azeotropic solvent at a prescribed concentration. 
Nowhere in tills publication is found any mention purporting that tiie presence or absence of aldehydes in the aqueous 
acrylic acid solution supplied to the distillation column mentioned ak>ove affects the liability of this solution to polymeri- 
zation during the course of distillation. In the examples cited therein, the distillation was performed only on aqueous 

so acrylic acid solutions pontaining 0.3 wt. % of formaldehyde. The liability to polymerization of an aqueous acrylic acid 
solution containing a specific aldehyde at a specific concentration Is mentioned nowhere. 
[001 0] The same problems are also encountered in tiie refinement of mettiacrylic acid. 

SUMMARY OF THE INVENTION 

55 

[001 1 ] The aforementioned prior patent publications disdosing methods for preventing acrylic acid from polymeri- 
zation have at>solutely no mention of the relation between the concentration of a specific aldehyde or ketone in tiie 
acrylic add-containing solution fed into th distillation column and the effect of a polymerization inhibitor. 
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[0012] The present inventors have ascertained by their cawn study that the expected effect of preventing polymeri- 
zation Is not attained fully satisfectorily. depending on the concentration of a specific aldehyde or l^tonejn the acrylic 
acid-containing solution fed into the distillation column. 

[0013] Thus, it is an object of this invention to provide a method tor effectively preventing (meth)acrylic acid in a 
5 (meth)acrylic actd-containing solution from polymerizing during the distillation of the scriution by the use of a polymeri- 
zation inhibitor. 

[0014] The present inventors have pursued studies on the prevention of acrylic add in an acrylic actd-containing 
solution obtained by catalytic gas phase oxidation of propylene and/br acrolein from polymerizing during the distillation 
of the solution and, consequently, have found that the prevention of acrylic acid from polymerization is effectively 

10 attained by maintaining the total concentration of aldehydes of 2 to 4 carbon atoms and acetone in the acrylic add-con- 
taining solution fed into a distillation column below a prescribed level. This invention has been achieved based on this 
knowledge. They have further found that this knowledge is applicable to the refinement of methacryllc add. 
[001 5] To be specific, according to this invention it can provide a method for refining (meth)acryiic acid by a proce- 
dure comprising the steps of feeding a vrHxedi gas obtained by catalytic gas phase oxidation of propylene and/or aaolein 

IS with a molecular oxygen-containing gas or a mixed gas obtained by catalytic gas phase oxidation of at least one com- 
pound selected from the group consisting of isobutylene, t-butyl alcohol, and methacrolein with a molecular oxygen- 
containing gas to a (meth)acrylic acid collection column, collecting a (meth)acrylic acid-containing solution from the 
mixed gas. feeding the (meth)acrylic add-containing solution to a distillation column, and separating and recovering 
(meth)acryllc acid from the solution, which method is characterized by feeding the (meth)acrylic acid-containing solu- 

20 tion to the distillation column while maintaining the total concentration of akJehydes of 2 - 4 carbon atoms and acetone 
in the solution at a level of not more than 2000 ppm based on the amount of (meth)acryllc add. 
[001 6] The above and other objects, features, and advantages of the present invention will become dear from the 
following description of the preferred emkxxJiment 

25 BRIEF DESCRIPTION OF THE DRAWING 

[0017] 

FIGURE is a process diagram illustrating one method of this invention which comprises collecting aaytic acid 
30 formed in advance and then refining the collected acrylic add. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0018] . Now. this Invention will be described below using acrylic acid as the representative. 

35 [0019] The catalytic gas phase oxidation reaction of this Invention is not limited particularly on account of the kind 
off first-stage catalyst and second-stage catalyst. These two catalysts can be effectively used so long as the first-stage 
catalyst is capable of chiefly forming acrolein by the gas phase oxidation of propylene and the second-stage catalyst is 
capable of chiefly forming acrylic add by ttie gas phase oxidation of acrolein. Examples off the first-stage catalyst may 
include complex oxides containing iron, molybdenum, and bismuth. Examples of the second-stage catalyst may include 

40 catalysts having vanadium as an essential component. The first-stage catalysts and the second-stage catalysts of tills 
inventton. therefore, embrace respectively the so-called first-stage catalysts and second-stage catalysts which are gen- 
erally used at present in the first step and the second step in the production of acrylic add by the two-stage reaction 
mettiod (JP-B-60-32,615). 

[0020] The methods for preparing these catalysts are not particulariy limited, but can be selected from which are 

45 generally known in the art 

[0021 ] The kind and the method of use of tine readion vessel and the ttnermal medium to be iised In tills invention 
Is not particularly limited. The reaction vessds that can be used herein may include tiie readion vessels of the shell- 
and-tube heat exchanger type, of the fluidized bed type, and of the moving bed type (JP-B-60-29.290). 
[0022] This invention, In a process comprising ttie steps of feeding a mixed gas obtained by catalytic gas phase oxi- 

50 dation of propylene and/or acrolein witii a molecular oxygen-containing gas to an acrylic add collection column, colled- 
ing an acrylic add-containing solution from tiie mixed gas, feeding this acrylic add-containing solution to a distillation 
column, and separating and recovering acrylic acid from ttie solution, is characterized by feeding ttie acrylic add-con- 
taining solution into ttie distillation column while maintaining tiie total concentration of aldehydes off 2 - 4 carbon atoms 
and acetone (specific impurities) in ttie acrylic acid-containing solution at a level of not more than 2000 ppm based on 

55 the amount of acrylic add in the solution, preferably the concentration of (metti)acroleln in ttie acrylic acid-containing 
solution at a level of not more than 1 GO ppm, more preferably at a level of not more than 50 ppm. based on the amount 
of acrylic add. Examples of the aWehydes of 2 - 4 carbon atoms may indude (metii)acrolein, acetaldehyde, and glyoxal. 
[0023] The acrylic add-containing solution contains impurities such as aldehydes, acetone, water, acetic acid, fbr- 
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mic acid and maleic add. 

[0024] The methcxj for decreasing the content of aldehydes of 2 - 4 carbon atoms and acetone in this invention is 
not particularly limited. For the purpose of this decrease, any of the heretofore known methods may be adopted. Exam- 
ples of the method which is used effectively for effecting this decrease may include a method which consists in increas- 

5 ing the rate of conversion of acrolein in the reaction of catalytic gas phase oxidation, a method which consists in 
decreasing the concentration of the aforementioned compounds contained In the acrylic acid-containing solution by ele- 
vating the temperature of collection in the acrylic acid collecting column, and a method which consists in adding a st^ 
of feeding the acrylic acid-containing solution into a stripping column may be cited. Among other methods mentioned 
above, the method which resides in adding the step of feeding the acrylic acid-containing solution into the stripping col- 

10 umn proves particularly advantageous from the viewpoint of the ease with which the concentration of the compounds 
mentioned above is adjusted. 

[0025] Generally a distillation column or tower is adopted as the stripping column which fits the intended use in this 
invention. The operating conditions for the distillation column have no particular restriction but are only required to set 
the total concentration of aldehydes of 2 - 4 cartx)n atoms and acetone in the acrylic acid-containing solution at a level 

IS of not more than 2000 ppm, preferably at a level of not more than 100 ppm, more preferably at a level of not more at 
than 50 ppm, based on the amount of acrylic add. Examples of the distillation column that is used effectively herein may 
include a packed column, a plafe tower (tray power), a wet wall column, and a spray column. The operating conditions 
have no particular restriction t>ut are only required to permit expected refinement of acrylic add. Generally, the operat- 
ing pressure may be in the range of 100 - 700 h Pa. the column top temperature in the range of 50 - lOO^'C, and the 

20 column bottom temperature in the range of 50 - 100^*0. 

[0026] The polymerization Inhibitor to be used in the distillation column is not particularly limited. Any of the bom- 
pounds that are generally accepted as a polymerization inhfoitor for acrylic add can be used. Examples of the com- 
pound which is advantageously used herein may indude hydroquinone. methoquinone. and phenothiazine; a copper 
salt compound such as copper dimethyl dithiocart>amate, copper diethyl dithiocart>amiate, copper dibutyl dithiocar- 

25 l^amate. and copper salicylate; a manganese salt compound such as manganese acetate; a p-phenylene diamine com- 
pound such as p-phenylene diamine, a N-oxyl compound such as 4-hydrQxy-2,2,6,6-tetramethy1 piperidinoxyl; a nitroso 
compound such as N-nrtrosodiphenyl amine; an urea compound such as urea, a thiourea compound such as a thiourea 
and the like. The compounds mentioned above may be used either singly or in the form of a combination of two or more 
memk^rs. Among other compounds enumerated above, phenothiazine and/or a N-oxyl compound proves particularly 

30 proper from the viewpoint of affording effective prevention of polymerization, enaksling the distillation column to resist 
corrodon. and permitting the effluent from the distillation column to be easily treated for disposal. 
[0027] The method for adding to the distillation column the polymerization inhik>itor to be used at the distillation step 
for feeding the acrylic acid-containing solution has no particular restriction. This polymerization inhibitor may be directly 
fed into the distillation column or it may be dissolved in a feed solution, a reflux liquid, or other solvent and then fed in 

35 the form of the resultant solution to the distillation column via the feed line. The amount of the polymerization inhibitor 
to be used is not particularly restricted. The total amount of the polymerization inhibitor, however, may fell in the range 
of 1 - 1000 ppm ^y weight), espedally in the range of 5 - 500 ppm. t>ased on the amount of the vapor of acrylic add. 
The term "amount of vapor" as used herein means the total amount of the vapor of the monomer which boils up from 
the bottom of the column in proportion to the quantity of heat added from the re-boiler of the distillation column. 

40 [0028] The expression "distillation column to be utilized for this invention" as used herein means all the distillation 
columns that participate in the refining step for feeding the acrylic add-containing solution. These distillation columns 
serve the purpose of recovering the acrylic add from a mixture of the solvent with acrylic acid, obfeined by cooling and 
washing in counter flow with a sdvent the acrylic acld-containing gas resulting from catalytic gas phase oxidation of pro- 
pylene and/or acrolein. Examples of the distillation column may be cited a sdvent separation column, an azeotropic 

45 separation column, an acetk; acid separation column, and a high boiling component separation column, in particular 
with a multistage. 

[0029] FIGURE is a process diagram illustrating one example of a metiiod whfoh comprises collecting the formed 
acrylic add and subsequentiy refining the acrylic acid. Witii reference to FIGURE, the acrylic add-containing gas 
obtained by catalytic gas phase oxidation of a feed gas containing propylene and/or acrolein with a molecular oxygen- 

so containing gas Is fed via a line (conduit) 1 into an acrylic add collection column 101 and caused therein to corrtact the 
water fed via a line 2. with the result that an aqueous acrylic ackJ solution containing acrylic acid and by-products such 
as acetic add will be obtained via a line 4. As the water to be supplied via the line 2 to the acrylic add collection column 
101, tiiough the water supplied via a line 1 3 may be used, it is proper to use the water phase in a storage tank 20 which 
will be described more specifically below. The aqueous acrylic acid solution is fed into a stripping column 105 and 

55 caused therein to strip aldehydes and acetone dissolved therein and thereafter fed into an azeotropic separation col- 
umn 102. The term "stripping" as used herein refers to an operation of expelling lighter components than acrylic acid 
generally by the use of a distillation column. The conditions for tine stripping have no particular restriction but are for 
example only required to induce dissipation of aldehydes and acetone. Generally, the operating pressure may be in tiie 
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range of 100 - 700 h Pa, the cx)lumn top temperature in the range of 50 - lOO^C, and the bottom temperature in the 
range of 50 - lOO^C. Preferably in this case, the stripped gas is recovered and circulated via a line 14 to the acrylic acid 
collection column 101 . In the azeotropic separation column 102, the aqueous acrylic acid solution which is received via 
a line 15 and azeotropic solvents such as toluene which are received via a tine 5 are distilled, with the result that an 
azeotropic mixture composed of water and the azeotropic solvent will be distilled via the top of the column and acrylic 
acid containing acetic add will be obtained via the bottom of the column. An azeotropic mixture composed of water and 
the azeotropic solvent is distilled via the top of the azeotropic separation column 102 and fed into the storage tank 20. 
wherein an organic phase formed mainly of the azeotropic solvent and a water phase formed mainly of water will be 
separated. TTie organic phase is circulated via the line 5 to the azeotropic separation column 102. Meanwhile, the water 
phase is circulated via a line 8 to the acrylic add collection column 101 and can be effectively utilized as the collecting 
water for contact with the acrylic acid-containing gas brought in via the line 1 . The acrylic add which has been extracted 
from tiie azeotropic separation column 102 through tiie bottom thereof is fed via a line 7 into an acetic acid separation 
column 103. wherein the acetic acid is separated and removed through the top and the acrylic add containing substan- 
tially no acetic acid is obtained through the bottom. The refined acrylic acid possesses high purity and, ttierefbre, can 
be directiy used as ttie raw material for the production of an acrylic ester. Naturally, this acrylic acid of high purity may 
be further fed via a line 10 into a high boiling conrponent separation column 104 to separate and remove a high boiling 
component and obtain acrylic acid of still higher purity through the top of the column. 

[0030] The position at which tiie stripping column is Installed is not particularly limited. The stripping column, 
optionally for the purpose of removing specific inpurities, may be interposed between the azeotropic separation column 
and the low boiling component separation column or between the low boiling component separation column and the 
high tx)iling component separation column. 

[0031 ] Reference Numeral 3 in Rgure represents a line for recycling the gas remaining after the collection of acrylic 
acid from the acrylic add-containing gas to tiie step for tiie reaction of oxidation. Part of tiiis residual gas is passed 
through tiie st^ for combustion and then discharged as waste gas. Reference Numeral 6 represents a distillation line 
of tfie azeotropic separation column 102, Reference Numeral 9 a distillation line of the low boiling component separa- 
tion column 103, and Reference Numerals 11 and 12 respectively represent a distillation line and a bottoms extraction 
line of tiie high boiling conponent separation column 104. 

[0032] The method of tills Invention permits simultaneous use of a molecular oxygen at the distillation step for feed- 
ing the acrylic add-containing solution and consequentiy allows more effective prevention of acrylic acid from polymer- 
ization. As respects the metiiod for supplying a molecular oxygen, ttie molecular oxygen may be directly mixed with tiie 
acrylic acid-containing solution as by bubbling or it may be dissolved in advance in a solvent and the resultant solution 
used for indirect mixtura The bubbling may be easily accomplished by supplying the molecular oxygen in a gaseous 
state through the bottom of the distillation column and/or through the re-boiler. Properly, tiie molecular oxygen may be 
generally supplied at a rate in the range of 0.1 - 1 vol. %, preferat)ly 0.2 - 0.5 vol. %, t)ased on the amount of the vapor 
of acrylic add in the distillation column. 

[0033] Though tiie case of using methacrylic acid and the case of using acrylic add have many points in common, 
they are different in the following points. 

[0034] For example, they differ in the point that the methacrylic acid-containing solution Is fed to the extraction step 
to effect extraction of metiiacrylic add from ttie mettiacrylic add-containing solution tiirough ttie medium of a solvent 
before ttie methaaylic acid-containing solution is fed to the distillation column. Even in tiiis case, ttie prevention of 
polymerization in the subsequent distillation column can be effectively can-ied out by fuKilling the conditions proposed 
herein. 

EXAMPLES 

[0035] Now. ttiis invention will be described more specifically below witti reference to examples. Wherever "ppm" is 
mentioned in the following examples and conparative examples, it means "ppm (weight)" unless othenwise specified. 
[0036] The (meth)acrolein concentration was determined by gas chromatography (FID) and the concentrations of 
acetaldehydes and acetone were botti detemiined by gas chromatography (FID). 

EXAMPLE 1 

[0037] Acrylic acid was distilled out witti a distillation column of 30 mm in inside diameter, equipped in ttie top part 
thereof witti a distillation tube and a raw material supplying tube, in tiie bottom part thereof with a kettle, and in tiie inner 
part thereof with five sieve trays made of stainless steel (SUS 316) having an opening ratio of 22%. The feed materials 
used herein were prepared by adding specific aldehydes and ketone shown in the following Tables 1- 3 at varying con- 
centrations to glacial acrylic acid (refined acrylic acid). The distillation was performed under ttie conditions of 100 
mmHg of operating pressure and SS^'C of column bottom temperature. As a polymerization inhibitor, phenottiiazine was 



EP 1 041 062 A2 



added to and dissolved in glacial acrylic acid in an amount of 100 ppm based on the amount of the vapor of acrylic acid 
and the resultant solution was fed Into the distillation column via the top thereof. The conditions of the operation contin- 
ued for 8 hours were visually inspected to rate the effect of prevention of polymerization. The test results are shown in 
Tables 1-3. 



TABLE 1 



IS 



No. 1- 


Acrolein concentration 
(ppm) 


Conditions of polymerization 


1 (Comparative Example) 


10100 


Flooding occunred within 2 hours of the start and the opera- 
tion could not be continued any longer. Polymer fbrmed 
copiously in the column. 


2 


1900 


Polymer formed slightly after 8 hours' stable operation. 


3 


. 70 


No polymer formed after 8 hours* stable operation. 



TABLE 2 



No.2- 


Acetaldehyde concentra- 
tion (ppm) 


Conditions of polymerization 


1 (Comparative Example) 


9500 


Flooding occunred within 3 hours of the start and the opera- 
tion could not be continued any longer. Polymer formed 
copiously in the column. 


2 


1700 


Polymer formed slightiy after 8 hours' stable operation. 


3 


50 


No polymer fbrmed after 8 hours* stable operation. 



TABLE 3 



No. 


Concentration of pertinent compound 
(ppm) 


Condition of polymerization 


. 3- 


Acetaldehyde^ 


, Acrolein 


Acetone 




1 (Conrparative Example) 


4800 


4900 


5100 


Flooding occurred within 1 hour of the start 
and tiie operation could not be continued any 
longer. Polymer formed oopbusly in the col- 
umn. 


2 


480 


490 


510 


Polymer formed slightiy after 8 hours' stable 
operation. . 


3 


30 


30 


30 


No polymer formed after 8 hours' stable oper- 
ation. 



EXAMPLE 2 

[0038] Metiiacrylic acid was distilled out with a distillation column of 30 mm in inside diameter equipped in the top 
part thereof with a distillation tube and a raw material supplying tube, in the bottom part thereof with a kettie. and in the 
55 inner part thereof with five sieve trays made of stainless steel (SUS 316) having an opening ratio of 22%. The feed 
materials used herein were prepared by adding specific aldehydes and ketone shown in the following Tat)le 4 at varying 
concentrations to glacial methacrylic acid (refined methacrylic acid). The distillation was performed under the condi- 
tions of 1 00 mmHg of operating pressure and 1 0T'C of cdunvi bottom temperature. As a polymerizatton inhibitor, phe- 
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nothlazine was added to and dissolved in glacial acrylic acid in an amount of 1 00 ppm based on the amount of the vapor 
of methacrylic acid and the resultant solution was fed into the distillation column via the top thereof. The conditions of 
the operation continued for 8'hours'were visually inspected to rate the effect of prevention of polymerization. The test 
results are shown in Table 4. 

6 



TABLE 4' 



Na 


Concentration of pertinent compound (ppm) 


Condition of polymerization 


4- 


Acetaldehyde 


Methacrolein 


Acetone 




1 (Comparative Example) 


5200 


5100 


4800 


Flooding occun^ed within 3 hours of the 
start and the operation could not be con- 
tinued any longer. Polymer formed copi- 
ously in the column. 


2 


520 


510 


480 


Polymer formed slightly after 8 hours* 
stable operation. 


3 


30 


30 


30 


No polymer formed after 8 hours* stable 
operation. 



20 

[0039] Tlie polymerization during the course of distillation could be effectively prevented by setting the concentra- 
tion of specific aldehydes and ketone in the methacrylic acid below a specific level as shown in Table 4. 

25 EXAMPLES 

[0040] An aqueous acrylic acid solution was distilled with a packed tower equipped in the top part thereof with a 
distillation tube, a reflux solution supply tube, and a polymerization inhibitor supply tube, in the central part thereof with 
a raw material supply tube, and in the bottom part thereof with a ketUe, a bottoms extracting tube, and an oxygen supply 
30 tube. 

[0041 ] The aqueous acrylic acid solution subjected to tiie distillation contained 30 wt % of water. 5 ppm of acetal- 
dehyde, 70 ppm of acrolein, and 20 ppm of acetone Onvariably based on tiie amount of acrylic acid). It was obtained by 
causing a reaction mixture gas resulting from catalytic gas phase oxidation of propylene to contact with water thereby 
giving rise to a mixed solution containing 130 ppm of acetaldehyde. 2500 ppm of acrolein, and 270 ppm of acetone 

35 (lnvariak}ly based on tiie amount of acrylic add), feeding tiie mixed solution into a stripping column (a packed tower 
maintained under the conditions of 200 mmHg of operating pressure. 70**C of column top tenrperature. and 72''C of bot- 
tom temperature), and extracting the effluent from the stripping column. This aqueous acrylic acid solution, after adding 
a varying compound shown In Table 5 below at a stated concentration, was supplied at a f k>w volume of 1 00 ml/hour to 
the packed tower mentioned above. -The distillation, with toluene as a refluxing medium, was performed under the con- 

40 ditions of 1 90 mmHg of operating pressure. SO'^C of column top temperature, and 100"C of bottom temperature. 

[0042] The refluxing medium, after adding and solving 1.5 ppm of copper dibutyl dithiocarljamate and 10 ppm of 
phenothiazine each as a polymerization inhibitor, was fed into the column via the top thereof. The aqueous acrylic acid 
solution, after adding and solving 2 ppm of manganese acetate and 10 ppm of hydroquinone (HQ) (all of them based 
on tiie amount of tiie vapor of acrylic acid), was fed into tiie column via the raw material supply tube. Through tiie bot- 

45 tom of tiie column, oxygen was supplied In an amount of 0.3 vol. % based on tiie amount off the vapor of acrylic add. 
[0043] When tiie operation was perfbrmed under tiie conditions of No. 5 - 4 shown in Table 5, tiie effluent extracted 
in a stationary state via the bottom of the column was composed of 97.5 wt. % of acrylic add. 0.02 wt. % of water, not 
more than tiie limit of detection (1 ppm) of acetaldehyde. 20 ppm of acrolein, lOppmof acetone, and 2.48 wt% of other 
components. When the operation was performed under the conditions of No. 4 - 1 shown in Table 4, the effluent 

so extracted in a stationary state via the tx>ttom of the column was composed of 97.4 wt. % of acrylic acid, 0.02 wt. % of 
water. 10 ppm of acetaldehyde. 1520 ppm of acrolein, 570 ppm of acetone, and 2.37 wt. % of otiier components. The 
reflux medium was used by recycling the effluent oil phase. After 8 hours* operation, the interior of tiie column was aspi- 
rated via the lower part of tiie column witii a vacuum pump having the minimum pressure of 5 x 1 0*^ Torr at room tem- 
perature for 15 hours to dry tiie interior. Then the weight of tiie polymer formed in the column was determined to rate 

55 the effect of preventing polymerization. The results are shown in Table 5. 
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TABLE 5 



Na5- 


Concentration based on acrylic acid in 
aqueous acrylic acid solution (ppm) 


Amount of polymer 
formed (g) 




Acetaldehyde 


Acrolein 


Acetone 




1 (Comparative Example) 


500 


5000 


1000 


19,1 


2 


150 


1500 


300 


4.5 


3 


35 


350 


70 


0.8 


4 


5 


70 


20 


0.0 



[0044] It is clearly noted from Table 5 that when the total content of acetaldehydes and acrolein and acetone was 
not more than 2000 ppm based on the amount of acrylic acid in the aqueous acrylic acid solution (Run Nos. 5 - 2, 3, 
and 4 in Table 5). the amounts of polymer formed were smaller by one decimal place than when the total content was 
6500 ppm (Run No. 5 - 1 in Table 5). The amount of polymer formed during the distillation could be repressed substan- 
tially to zero when the total content was not more than 500 ppm (Run Na 5 - 3 in Table 5). preferably when the total 
content was not more than 1 00 ppm (Run No. 5 - 4 in Table 5). 

[0045] When the mixed gas obtained by the catalytic gas phase oxidation of propylene and/or acrolein with a 
molecular oxygen-containing gas was fed to the acrylic add collection column to collect an acrylic acid-containing solu- 
tion and this acrylic acid-contaihing solution was fed to the distillation column to separate and recover acrylic acid, the 
polymerization of acrylic acid in the distillation column could be effectively prevented by limiting the total content of alde- 
hydes of 2 - 4 cark>on atoms and acetone in the acrylic acid-containing solution being fed into the distillation column in 
accordance with the method of this invention. As a result, the apparatus for the distillation of acrylic add could be oper- 
ated for a fong time. 

[0046] Further, by simultaneously using mdecular oxygen, the polymerization off acrylic add could be prevented 
more effectively. 

[0047] When the mixed gas obtained by the catalytic gas phase oxidation off isobutylene. t-butyl alcohol, and/or 
methacrolein with a molecular oxygen-containing gas was fed to the nriethacrylic add collection column to collect a 
methacryiic add-containing solution and this methacrylic add-containing solution was ffed to the distillation column to 
separate and recover methacrylic acid, the polymerization of methacrylic acid in the distillation column could be effec- 
tively prevented by limiting the total content of aldehydes of 2 - 4 cartxjn atoms and acetone in the methacrylic add- 
containing solution being fed into the distillation column in accordance with the method of this inventfon. As a result the 
apparatus for the distillation of methacrylic acid could be operated for a long time. 

[0048] Further, by simultaneously using molecular oxygen, the polymerization of methacrylic acid could be pre- 
vented more effectively. 

40 Claims 

1. A method for refining (meth)acrylic acid from a (meth) acrylic acid-containing solution obtained by catalytic gas 
phase oxidation in a distillation column for separation or recovery of (meth)acrylic acid, characterized by feeding to 
the distillation column the (meth)acrylic actd-containirig solution with the total concentration of aldehydes of 2 - 4 

45 carbon atoms and acetone maintained at a level off not more than 2000 ppm based on the amount of (meth)acrylic 
acid. 

2. A method according to claim 1, characterized in that the (meth) acrylic acid-containing solution further contains 
(meth)acrolein wherein the concentration of the (meth)acrolein is not more than 100 ppm based on the amount off 

so (methjacrylic acid. 

3. A method acooitiing to claim 1 or claim 2, characterized in that the (meth)acrylic add-containing solution is in 
advance fed into a stripping column and then fed to a distillation column for separation or recovery off (meth)acrylic 
add. 

ss 

4. A method according to any of daims 1 - 3, characterized in that a polymerization inhibitor is further added when the 
(meth)acrylic add-containing solution is fed to the distillation column, preferably the polymerization inhibitor being 
at least one conrpound selected ffrom the group oonsisting off hydroquinone, methoquinone. phenothiazine. a cop- 
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per salt compound, a manganese salt compound, a p-phenytene diamine compound, a N-oxyl compound, a nitroso 
compound, a urea compound, a thiourea compound and a mixture thereof. 



5. A method according to any of claims 1 - 4, characterized in that the distillation of (meth)acrylic add-containing solu- 
tion Is performed In the presence of molecular oxygen. 

6. A method according to any of claims 1 - 5. characterized in that the (meth)acrylic acid-containing solution is a prod- 
uct wttich comprises the steps of feeding a mixed gas resulting from catalytic gas phase oxidation of a raw material 
gas containing propylene and/or acrolein with a molecular oxygen-containing gas or a mixed gas resulting from cat- 
alytic gas phase oxidation of a raw material gas containing at least one compound selected from the group consist* 
ing of isobutylene. t-t)utyl alcohol, methacrolein. and a mixture thereof with a molecular oxygen-containing gas. to 
a (meth)acrylic acid collection column and collecting the (meth)acryllc acid-containing solution from said gas. 

7. A method according to any one of claims 1 -5, further conprising the steps of feeding a mixed gas resulting from 
catalytic gas phase oxidation of a raw material gas containing propylene and/or acrolein with a moleculcU" o)^en- 
containing gas, or a mixed gas resulting from catalytic gas phase oxidation of a raw material gas containing at least 
one compourKi selected from the group consisting of isobutylene, t-kxityl alcohol, methacrolein, and a mixture 
thereof with a nxsiecuiar oxygen-containing gas, to a (meth)acrylic add collection column and collecting the 
(metti)acrylic acid-containing solution from said gas, prior to (fistilling the (meth)acrylic-add containing solution. 

8. A mettiod according to any one of dalms 1 -7, for refining acrylic add. 

9. A metiiod according to any one of daims 1 -7, for refining metiiacrylic acid. 

1 0. Purified (meth)acrylic add obtainable by a method according to any one of daims 1 -9. preferably having a residual 
concentration of aldehydes of 2-4 cart>on atoms and acetone of less than 2000ppm based on the total amount of 
(meth)acryiic acid. 
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